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http:WHAT THIS PAPER ADDS
The SAFARI technique is a safe and feasible option for patients with infrainguinal chronic total occlusion (Trans-
Atlantic Inter-Society Consensus (TASC) II C and D). The posterior tibial (PT) artery or dorsalis pedis (DP) artery as
the retrograde access is a good choice when using the SAFARI technique. First, DP/PT access may decrease
procedure time. Second, and most important, DP/PT access is an acceptable technique in patients with anatomic
or other issues that preclude or make popliteal access difﬁcult.Objective: This study aimed to ascertain differences in beneﬁt and effectiveness of popliteal versus tibial
retrograde access in subintimal arterial ﬂossing with the antegradeeretrograde intervention (SAFARI) technique.
Methods: This was a retrospective study of SAFARI-assisted stenting for long chronic total occlusion (CTO) of
TASC C and D superﬁcial femoral lesions. 38 cases had superﬁcial femoral artery lesions (23 TASC C and 15 TASC
D). All 38 cases underwent SAFARI-assisted stenting. The ipsilateral popliteal artery was retrogradely punctured in
17 patients. A distal posterior tibial (PT) or dorsalis pedis (DP) artery was retrogradely punctured in 21 patients,
and 16 of them were punctured after open surgical exposure.
Results: SAFARI technical success was achieved in all cases. There was no signiﬁcant difference in 1-year primary
patency (75% vs. 78.9%, p ¼ .86), secondary patency (81.2% vs. 84.2%, p ¼ .91) and access complications
(p ¼ 1.00) between popliteal and tibial retrograde access. There was statistical difference in operation time
between popliteal (140.1  28.4 min) and tibial retrograde access with PT/DP punctures after surgical vessel
exposure (120.4  23.0 min, p ¼ .04).
Conclusion: The SAFARI technique is a safe and feasible option for patients with infrainguinal CTO (TASC II C and
D). The PT or DP as the retrograde access after surgical vessel exposure is a good choice when using the SAFARI
technique.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Endovascular therapy has been increasingly applied to pa-
tients with Trans-Atlantic Inter-Society Consensus (TASC) C
and D femoral popliteal lesions due to the development of
endovascular techniques (such as subintimal angioplasty)
and tools (re-entry devices and stents, among others).1
Numerous studies have shown acceptable patency rates
for endovascular treatment of advanced infrainguinal le-
sions compared with femoralepopliteal bypass.2e4
Subintimal angioplasty (SIA) is an effective method in the
recanalization of long and chronic superﬁcial femoral artery
(SFA) occlusions.5,6 A meta-analysis of SIA revealed arresponding author. J. Xing, Department of Vascular Surgery, Shan-
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//dx.doi.org/10.1016/j.ejvs.2013.05.007technical success rate of 86%, with a 1-year primary patency
rate of 56% and a limb salvage rate of 89%.7 The study
demonstrated that the outcomes for SIA are good and
should be considered as an alternative to surgical bypass.
However, the success rates of SIA for long chronic total
occlusion of SFA remain suboptimal. SIA failure commonly
results from an inability to re-enter the true lumen of the
artery and repeated attempts can extend the subintimal
channel, which may result in more severe ischemia due to
disruption of vital collateral vessels.8,9
The subintimal arterial ﬂossing with antegradeeretro-
grade intervention (SAFARI) technique described by Spinosa
et al.10 is a way of addressing this problem when there are
no re-entry devices. In the SAFARI technique, retrograde
subintimal recanalization is performed until the subintimal
space created by the antegrade approach is reached. The
distal guidewire is then manipulated into the antegrade
sheath or catheter to create a ‘‘ﬂossing’’-type guidewire
access. Therefore, angioplasty and/or stenting can be per-
formed over the guidewire. Popliteal artery (PA), distal
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or dorsalis pedis artery (DP) are typically used for distal
retrograde access. The PA as the retrograde access has been
mentioned in many studies,11e14 but reports on tibial/pedal
vessel at the ankle/foot for retrograde access are few.15e18
When popliteal access is not suitable for patients who
cannot be placed in prone or in lateral decubitus positions
for popliteal puncture, or patients whose PA was visualized
to be superimposed on the vein, with the possibility of
puncture under ultrasound guidance, the tibial artery near
the ankle may be chosen for retrograde access.
In this report, we appraise the results of the SAFARI
technique to treat TASC C and D superﬁcial femoral lesions.
We ascertain differences in beneﬁt and effectiveness of
popliteal versus tibial retrograde access in SAFARI for TASC
C and D SFA occlusions.PATIENTS AND METHODS
A retrospective study of SAFARI-assisted stenting for long
chronic total occlusion of TASC C and D superﬁcial femoral
lesions was carried out. All the patients’ infrapopliteal
segments were patent with at least one or both tibial
vessels run off to the ankle. Exclusion criteria were as fol-
lows: acute limb ischemia, chronic total occlusion of the PA,
and proximal trifurcation vessels.
Between April 2007 and June 2011, 38 cases (23 TASC C
lesions and 15 TASC D lesions) underwent SAFARI-assisted
stenting for long chronic total occlusion of the SFA. The
patients comprised 17 men and 21 women, with a median
of 80.5 years (interquartile range: 17.25). Twelve patients
had claudication affecting lifestyle (Fontaine grade IIb), 17
had rest pain (Fontaine grade III), 5 had ulceration, and 4
had gangrene (Fontaine grade IV). The ankle brachial index
(ABI) was 0.23  0.15. The population demonstrated a
marked comorbidity proﬁle (Table 1). Fifteen patients wereTable 1. Associated comorbidities of the cohort.
I. Retrograde PA access
under US (n ¼ 17)
Ischemic heart disease 9 (52.94%)
Hypertension 10 (58.82%)
Dyslipidemia 14 (82.35%)
Diabetes mellitus 11 (64.71%)
Chronic renal insufﬁciency 3 (27.27%)
Sequel of cerebral infarction 2 (11.76%)
Pulmonary dysfunction 1 (5.88%)
Obesity 2 (11.76%)
Cigarette smoking 6 (35.29%)
Current 2
Former 4
Baseline Fontaine class
IIb 8 (47.06%)
III 7 (41.18%)
IV 2 (11.76%)
Note. Obesity means body mass index 30. Pulmonary dysfunction me
PT/DP ¼ posterior tibial artery/dorsalis pedis artery; US ¼ color Doppjudged to be at prohibitively high risk for operative
intervention.
All patients underwent detailed diagnostic imaging prior
to their endovascular intervention using duplex ultrasound
and/or computed tomography angiography. All patients also
had digital subtraction angiography before endovascular
intervention. The mean length of the femoral artery occlu-
sion was 25 cm  12 cm (range 18e38 cm). Except for the
occlusion located in the superﬁcial femoral artery, 21 pa-
tients had combined ipsilateral infrapopliteal arteries oc-
clusions, seven patients had combined ipsilateral iliac artery
stenosis, and two had combined ipsilateral iliac artery oc-
clusions. Seven patients had a SFA occlusion that was ﬂush
with the bifurcation of the common femoral artery, with a
patent deep femoral artery.
TREATMENT
Procedures
At the start of the procedure with the patient in a supine
position, 80e100 units/kg of unfractionated heparin was
intravenously administered. Heparin anticoagulation was
maintained throughout the procedure with an activated
coagulation time of 250e300 seconds. If the operating time
exceeded 1 hour, half the dose of initial heparin was given.
After 2 hours, one-quarter dose of initial heparin was given.
After 3 hours, one-quarter dose of initial heparin was given.
Among seven patients who had a superﬁcial artery oc-
clusion that was ﬂush with the bifurcation of the common
femoral artery, and among nine with combined ipsilateral
iliac artery stenosis or occlusion, the procedure was started
by retrograde catheterization of the contralateral femoral
artery. Antegrade catheterization of the ipsilateral femoral
artery was carried out in other patients. Then, a preproce-
dural digital subtraction angiogram was performed to
evaluate the status of the occlusion and the distal outﬂowII. Retrograde PT/DP access
(n ¼ 21, 16 with surgical
vessel exposure; 5 with
percutaneous retrograde access)
p Values
14 (66.67%) .509
15 (71.43%) .502
20 (95.24%) .307
15 (71.43%) .734
5 (23.81%) .709
3 (14.29%) 1.000
5 (23.81%) .197
10 (47.62%) .034
13 (61.90%) .191
4
9
4 (19.05%) .087
10 (47.62%) .752
7 (33.33%) .148
ans chronic obstructive pulmonary disease. PA ¼ popliteal artery;
ler ultrasound.
Figure 1. (A,B) A 0.035 inch (0.89 mm)/260 cm J-tip hydrophilic
guidewire (Terumo) was retrogradely advanced without any
sheath. The retrograde wire engaged in the antegrade 4-Fr
vertebral catheter successfully using the catheter (both ante-
grade and retrograde) and guidewire manipulations, just like the
wire entered into the lumen of the arterial branch. The “ﬂossing”-
type guidewire was successfully created. No snare was used.
W.R. Hua et al. 251vessels. In nine patients with combined ipsilateral iliac ar-
tery stenosis or occlusion, the iliac artery was ﬁrst managed
by interventional therapy. Then, a 6-F 40 cm crossover iliac
sheath (Cook Peripheral, Bloomington, IN, USA) was intro-
duced to the contralateral common femoral artery (CFA).
An angled 4-Fr vertebral diagnostic catheter (Terumo Cor-
poration, Shibuya-ku, Tokyo, JAPAN) and a 0.035 inch
(0.89 mm)/260 cm J-tip hydrophilic guidewire (Terumo)
were introduced. The guidewire was tapped repeatedly at
the origin of the occlusion until it entered the occlusion. The
tip of the guidewire attained a ‘u’ conﬁguration while
advancing antegradely in the subintimal space of the oc-
clusion. The distal true lumen of all 38 patients was not
successfully re-entered using the catheter and guidewire
manipulations. Thus, a combined antegradeeretrograde
approach was used.
The ipsilateral PA was retrogradely punctured under ul-
trasound guidance in 17 patients in a prone or lateral posi-
tion, with or without a 4-F 10 cm sheath. A 4-Fr vertebral
catheter and a 0.035 inch (0.89 mm)/260 cm J-tip hydrophilic
guidewire (Terumo) were introduced. The guidewire entered
the subintimal lumenwithout signiﬁcant difﬁculties, and then
engaged in the antegrade vertebral catheter lumen using the
catheter (both antegrade and retrograde) and guidewire
manipulations, just like the wire entered the lumen of the
arterial branch. No snare was used. Then the proximal wire
was withdrawn and the distal wire was advanced to exit the
proximal catheter and created a “ﬂossing”-type guidewire.
Then the antegrade vertebral catheter was advanced over
the wire into the distal true lumen, enabling dilation/stenting
via the femoral artery route.
For patients who were obese (4 patients), had respiratory
dysfunction (5 patients), had unbearable limb pain that
interfered with positioning them prone or in lateral decu-
bitus (10 patients), or patients whose PA was visualized to
be superimposed on the vein, with the possibility of
puncture under ultrasound guidance (2 patients), the distal
PT artery near the ankle (14 patients) and DP artery (7
patients) were retrogradely punctured successfully. How-
ever, the PT/DP was successfully punctured under ﬂuoro-
scopic guidance or ultrasound guidance in only 5 of the 21
patients, with a maximum of three attempts. The others 16
patients were successfully punctured after open surgical
exposure of the distal tibial artery. Vessel puncture was
performed with an 18-gauge needle (Terumo), and a
0.035 inch (0.89 mm)/260 cm J-tip hydrophilic guidewire
(Terumo) or an 0.018-inch (0.46 mm) wire (V-18 Control
wire) was retrogradely advanced by using multiple views
and manipulated to remain in the true lumen without any
sheath to minimize vessel trauma. The proximal guidewire
was successfully “ﬂossed” with the distal guidewire in all 21
patients (Fig. 1A,B).
A 4-mm balloon was used for predilation when there was
difﬁculty in passing the diagnostic catheter through the
occlusion initially or when the distal guidewire could not
enter the antegrade subintimal lumen. Self-expanding
stents (SMART, Cordis, Bridgewater, NJ, USA) slightly
longer than the occlusion were implanted.The popliteal access (no sheath or 4-F sheath) and the
percutaneous tibial puncture site (no sheath) were
managed with manual compression (10 min) and covered
with a compression bandage for 12 hours. A vascular
closure device (Perclose ProGlide, Abbott, Abbott Park, IL,
USA) was applied to manage the femoral access. The tibial
artery puncture site with surgical exposure was sutured
carefully with 8-0 Prolene.
Pre- and post-procedural care
All patients were given aspirin (100 mg/day) and cilostazol
(100 mg/time, 2 times/day) 5e7 days before the procedure
and continued for 5 months after the operation. Low-
molecular-weight heparin (low-molecular-weight heparin
sodium injection, Qilu Pharma in China) was subcutaneously
injected (5000 u/q 12 hours) for the ﬁrst 3 days after the
procedure.
All patients received long-term aspirin (100 mg/day) and
atorvastatin (10e20 mg/day) daily after the operation un-
less contraindicated and underwent regular walking exer-
cises and stopped smoking.
Routine outpatient follow-up examinations were per-
formed at 1, 3, 6, and 12 months and yearly thereafter:
color Doppler examination, ABI measurements, evaluation
of symptom recurrence.
Outcome analysis
Primary patency was deﬁned as patent limb segments
without recurrent stenosis or occlusion (>70% of the vessel
diameter) requiring further intervention. Secondary patency
was achieved via secondary endovascular interventions to
treat restenosis involving the originally treated arterial
252 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 2 August/2013segments. Continuous variables were reported as
mean  standard deviation (if the variables did not follow a
normal distribution, the median and interquartile range
were provided). Primary and secondary patency were esti-
mated using KaplaneMeier methods with the log-rank test.
A two-tailed p value of .05 was considered statistically sig-
niﬁcant. All calculations were performed with SPSS 18.0
(IBM corp., Armonk, NY, USA).
RESULTS
Technical success, deﬁned as recanalization of the SFA using
SAFARI techniques, was achieved in all cases. Stents were
deployed in all SFA lesions, with a single stent in seven
(18.4%) lesions, two stents in 19 (50.0%) lesions, and three
stents in 12 (31.6%) lesions. The median time for ulcer
healing was 25 days (interquartile range, 22), with six pa-
tients having minor (toe) amputations. The mean ABI
increased to 0.75  0.24 postoperatively. Procedure-related
heart failure was recorded in two patients, one with the PA
punctured and the other with the PT punctured under ul-
trasound guidance. No deaths occurred during the periop-
erative period (30 days).
The complications of retrograde access are presented in
Table 2. In 17 patients, the PA was punctured for retrograde
access. Popliteal fossa hematomas developed in three pa-
tients (in 2 cases, <3 cm in diameter; in 1 case, <5 cm in
diameter). A pseudoaneurysm presented in one patient.
Table 2 shows that there was no statistical difference for
complications (p ¼ 1.00) and operation time (p ¼ .18)
between patients with a punctured PA and patients with a
punctured PT/DP. However, there was statistical difference
between the operation time of patients with punctured PA
(140.1  28.4 min) and patients with PT/DP punctures after
surgical vessel exposure (120.4  23.0 min, p ¼ .04).
In this cohort, 35 patients were followed up at a mean
follow-up time of 19 months  7 months. Three patients
were not found (all were untraceable). The follow-up rate
was 92.1%. Six patients died of other causes unrelated to
their peripheral arterial disease. One case experienced acute
artery thrombosis 35 days after the operation and the SFA
recanalized after catheter-directed thrombolysis. In-stentTable 2. Mean operating time and complications about retrograde pu
Number of patients (%)
I. Retrograde PA access (n ¼ 17)
Mean operating time (min) 140.12  28.38
Sheath size
No sheath 3 (17.65%)
4 F 14 (82.35%)
6 F or more 0
Complications 4(23.5%)
Incisional infection 0
Hematomas 3
Pseudoaneurysms 1
Arteriovenous ﬁstula 0
Anastomotic stenosis 0restenosis occurred in six (17.1%) SFAs in 1 year, whereas
stenosis occurred in the other part of the artery in two pa-
tients. Two patients were redilated with a balloon size 1 mm
smaller than the stent diameter, with the balloon dilated for
3 minutes. There was no need for repeat stenting. Restenosis
occurred in the other arteries in two cases. There was no
signiﬁcant difference in primary patency (75% vs. 78.9%,
p ¼ .86, Fig. 2) or secondary patency ( 81.2% vs. 84.2%,
p¼ .91, Fig. 3) between popliteal and tibial retrograde access
at 1 year. The limb salvage rate was 80% at 1 year. In 28 cases
with critical limb ischemia, six patients had minor (toe) am-
putations and one patient had amputation above the knee.
DISCUSSION
TASC C and D infrainguinal artery occlusions may lead to
critical limb ischemia, a signiﬁcant healthcare issue that
leads to morbidity and mortality. The TASC II guidelines
have recommended open surgery for all type D and most
Type C artery lesions.1 However, these patients are
frequently high-risk surgical bypass patients and have a
considerably shorter life expectancy than patients with
TASC A/B. Endovascular therapy can increase distal tissue
perfusion, raise limb salvage and improve quality of life.
Baril et al.2 in their review of 79 TASC D limbs treated with
endovascular stenting, showed 1-year primary and primary-
assisted patency rates of 52.5% and 88.4%, respectively.
McQuade et al.19 reported a randomized clinical study of
100 limbs in 86 patients with superﬁcial femoral artery
occlusive disease. In their report, the stent graft group
(mean total lesion length of the SFA was 25.6 cm)
demonstrated a primary patency of 72%, 63%, 63%, and
59% with a secondary patency of 83%, 74%, 74%, and 74%
at 12, 24, 36, and 48 months, respectively; the surgical
femoralepopliteal group demonstrated primary patency of
76%, 63%, 63%, and 58% with secondary patency of 86%,
76%, 76%, and 71% at 12, 24, 36, and 48 months, respec-
tively. The difference was not statistically signiﬁcant be-
tween the two groups with respect to primary or secondary
patency. In our study, the primary (75%/78.9%) and sec-
ondary (81.2%/84.2%) patency rates at 12 months were
similar to that found in the literature. There was noncture site.
p-Values
II. Retrograde PT/DP access (n ¼ 21, 16 with
surgical vessel exposure; 5 with percutaneous
retrograde access)
127.57  28.42 .184
21 (100%)
0
0
4 (19.0%) 1.000
1 (surgical vessel exposure)
2 (percutaneous retrograde access)
0
0
1 (surgical vessel exposure)
Figure 2. Primary patency at 1 year.
W.R. Hua et al. 253signiﬁcant difference in primary patency (p ¼ .86, Fig. 2) or
secondary patency (p ¼ .91, Fig. 3) between popliteal and
tibial retrograde access.
SAFARI can improve the success rate of SIA technol-
ogy.12,13,20 In the SAFARI technique, the “ﬂossing”-type
guidewire is created as part of the occlusive artery to
reduce disruption of vital collateral vessels and the failure
rate of the procedure. In this cohort, SAFARI techniques
were all employed successfully. The SAFARI technique en-
tails both the antegrade and the retrograde approach, and
popliteal access is usually used.12,13 Retrograde popliteal
puncture was ﬁrst described by Tønnesen et al.21 in 1988.
The method can be performed under ﬂuoroscopic guidance
or ultrasound guidance and is a useful alternative for an-
gioplasty of some SFA occlusions.11,14
However, retrograde PA access usually requires the pa-
tient to be in a lateral or prone position, so the patient has
to turn over twice during the procedure.12 On one hand,
these maneuvers may add to the patient’s anxiety and make
them uncomfortable. On the other hand, these procedures
may complicate the surgeon’s job because the surgeonFigure 3. Secondary patency at 1 year.needs to maneuver the guidewire in the femoral sheath and
popliteal sheath simultaneously when using SAFARI tech-
niques. Additionally, popliteal access is not feasible in pa-
tients who are obese, have cardiac and respiratory
dysfunction, or have severe rest pain that may interfere
with positioning them prone or in lateral decubitus. Popli-
teal access is also not suitable for patients with PA lesions.
There were only 17 patients in the cohort studied who were
suitable to undergo PA puncturing. The other 21 patients
had distal PT or DP puncturing.
Distal PT and DP are the ideal arteries for retrograde
access. The anatomical location of the peroneal artery is so
deep that it is not easy to get hemostasis with manual
compression. Thus, the peroneal artery would not be cho-
sen unless there are no other infragenicular arteries suitable
as distal targets. DSA needs to be performed by antegrade
access to evaluate infragenicular vessels for retrograde ac-
cess before the puncture.
During the surgical exposure of the tibial artery, we found
that the tibial vessels become narrow due to insufﬁcient
blood perfusion, and the vessels exhibited severe sclerosis.
Therefore, percutaneous retrograde access of PT or DP is
sometimes difﬁcult. Repeated attempts extended operation
time and increased vessel spasm and injury. Although ﬁve
patients were successfully punctured, the operating time
was prolonged (150.60  34.36 min). Vessel exposure was
performed through a 2- to 3-cm skin incision within 5e10
minutes, with the patient under local anesthesia. In 16
patients, the SAFARI technique was successfully performed
with a retrograde approach after surgical vessel exposure of
distal PT or DP. The operating time (120.36  23.03 min)
was shorter than for percutaneous PT/DP access and PA
access, and there was statistical difference compared with
patients who underwent PA puncturing as retrograde ac-
cess (p ¼ .04). A shorter operating time may mean minimal
procedure-related complications for critical limb ischemia
patients, because CLI is a surrogate for worse coronary ar-
tery disease and cerebrovascular disease.22 The difference
was not statistically signiﬁcant between patients with PA
puncture (23.5%) and patients with PT/DP puncture after
surgical vessel exposure (12.5%) for complications relating
to the retrograde puncture site (p ¼ .66).
However, there are multiple limitations to this study due
to its retrospective nature. The numbers are too small to
reach a conclusion. A future goal will be to conduct a ran-
domized trial in an attempt to better compare PT or DP with
the PA as a reasonable ﬁrst-line option for retrograde ac-
cess. Before a randomized trial is done, the criteria for PT/
DP use for retrograde access may be summarized as follows.
1. Patients who cannot be positioned prone or in lateral
decubitus for popliteal puncture, for reasons such as
obesity, respiratory dysfunction, or unbearable limb
pain.
2. Patients whose popliteal vein was visualized to be
superimposed on the artery, not allowing ultrasound-
guided puncture of the artery without injuring the vein.
3. Patients with severe PA lesions.
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This study demonstrates that the SAFARI technique is a safe
and feasible option for patients with infrainguinal chronic
total occlusion (TASC II C and D). The PT or DP as retrograde
access is a good choice when using the SAFARI technique.
First, DP/PT access may decrease procedure time. Second,
and most important, DP/PT access is an acceptable tech-
nique in patients with anatomic or other issues that pre-
clude or make popliteal access difﬁcult.CONFLICT OF INTEREST/FUNDING
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